Abstract Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer-related deaths worldwide. Serum alpha-fetoprotein (AFP) is the conventional biomarker currently used in clinical diagnosis of this malignancy. However, AFP is not reliable for early diagnosis, and especially the sensitivity and specificity of AFP in HCC diagnosis are not optimal.
Introduction
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death throughout the world. The overall survival of patients with HCC remains poor. The majority of people with HCC will die within 6 months of its detection. This high case fatality rate can in part be attributed to a lack of diagnostic methods that allow early detection. Although alpha-fetoprotein (AFP) is the most effective serological marker available to detect HCC, the sensitivity and specificity is not optimal. Hepatitis B or C viral infections are the main risk factors for HCC, but the molecular pathogenesis remains incompletely defined in HCC [1] [2] [3] [4] [5] [6] . Many studies demonstrated that cancer sera contain antibodies which react with a unique group of autologous cellular antigens generally known as tumor-associated antigens (TAAs). During the progression from chronic liver disease to HCC, the novel autoantibodies appearing with malignant transformation will be more likely to be related to events associated with tumorigenesis, and therefore these autoantibodies can be used as reporters identifying aberrant cellular mechanisms in tumorigenesis and also serve as immunodiagnostic markers for cancer detection. Due to the poor prognosis and difficult early diagnosis of HCC, it is imperative to identify more sensitive and specific biomarkers in HCC detection. The 14-3-3 protein is an adaptor protein that localizes to the leading edge of spreading cells, returning to the cytoplasm as spreading ceases. In mammals, there are seven distinct isoforms: β, γ, ε, ζ, η, σ, and τ that are encoded by seven different 14-3-3 genes [7] . The 14-3-3 isoforms had been linked to carcinogenesis because they are involved in various cellular processes such as cell cycle regulation, apoptosis, proliferation, and differentiation [8] . It is implicated in the regulation of a large spectrum of both general and specialized signaling pathway. The 14-3-3 proteins lack endogenous enzymatic activity; however, they function through binding to phosphorylatedserine/threonine motifs on their target proteins. Following binding, target proteins can be regulated by 14-3-3 through a number of mechanisms including changing the conformation of the protein, affecting protein activity or stability, facilitating protein complex formation, or altering protein subcellular localization. Binding generally results in the modulation of the activity of the binding partner [9] . Some studies revealed that 14-3-3 proteins can bind to specific pSer/pThr containing motifs in protein targets which indicates a role for Ser/Thr phosphorylation in the assembly of proteinprotein complexes [10] . Other studies find that 14-3-3 proteins can also recognize unphosphorylated motifs [11] [12] [13] [14] ; 14-3-3ζ is a ubiquitously expressed 14-3-3 family member that has been implicated to have oncogenic potential through its interaction with target proteins involved in cancer initiation (Rafs, p85PI3K, Bad, FOXO transcription factors) as well as cancer progression (Snail, TRI). Elevated expression of 14-3-3ζ has been observed in a variety of tumor types [15] .
To improve the effectiveness of diagnosis and reduce the mortality of HCC, it is important to search for tumor-specific biomarkers whose function may involve in HCC progression and which may be useful as potential biomarker of HCC early diagnosis, prognosis and therapeutic targets. In this study, a cancer-related protein, 14-3-3ζ was evaluated by immunoassay as a potential TAA in HCC, and autoantibody to this protein was also validated to be a biomarker in immunodiagnosis of HCC.
Materials and methods

Sera and general information
All sera used in this study, including 168 sera from patients with HCC, 30 sera from patients with liver cirrhosis (LC), 30 sera from patients with chronic hepatitis (CH), and 89 normal human sera (NHS) and 18 sera from three HCC patients with serial bleeding samples, were obtained from the serum bank of Cancer Autoimmunity and Epidemiology Research Laboratory at UTEP (University of Texas at El Paso). This study was approved by the Institutional Review Board of UTEP and collaborating institutions.
All HCC patients were diagnosed according to the criteria described in a previous study [16] and had not received treatment with any chemotherapy or radiotherapy. Patients with CH and LC were followed up at least 18 months after collecting blood to exclude individuals with primary biliary cirrhosis and asymptomatic or clinically undetectable HCC. Normal human sera were collected from individuals who had no obvious evidence of malignancy at the same locality during annual health examinations.
Recombinant proteins and antibodies used in this study The 14-3-3ζ construct GST-14-3-3 WT (pGEX) (plasmid ID 1944) purchased from Addgene (Addgene Inc., Cambridge, MA) was subcloned into pET28a vector producing a fusion protein with NH-terminal 6× histidine and T7 epitope tags. The recombinant protein expressed in Escherichia coli BL21 (DE3) was purified using nickel column chromatography. Polyclonal anti-14-3-3ζ rabbit antibody and monoclonal anti-β-actin mouse antibody were purchased (Cell Signaling Technology, Inc., Danvers, MA). Horseradish peroxidase (HRP)-conjugated goat antihuman IgG, HRP-conjugated goat anti-rabbit IgG, HRP-conjugated goat anti-mouse IgG, and FITC-conjugated goat antihuman IgG were purchased from Santa Cruz Biotechnology, Inc., Santa Cruz, CA. Anti-rabbit IgG Fab2 (Alexa Fluor 488) was purchased from Cell Signaling Technology, Inc., Danvers, MA.
Cell lines and cell extracts
Nine different tumor cell lines including human non-small cell lung carcinoma (H1299), human ovarian carcinoma (SKOV3), human leukemia (KOPN63), human hepatocellular carcinoma (HepG2), human hepatocellular carcinoma (SNU449), human epitheloid cervical carcinoma (Hela), human urinary bladder carcinoma (T24), human epidermoid carcinoma (Hep2), and human small cell lung cancer (H146) were obtained from the Tumor Cell bank of our laboratory and cultured following the specific protocol for each cell line. Cells grown in monolayers were directly solubilized in Laemmli's sample buffer containing protease inhibitors and then briefly sonicated before electrophoresis on sodium dodecyl sulfate (SDS)-polyacrylamide gels.
Enzyme-linked immunosorbent assay (ELISA)
Standard protocol for ELISA was used as described in our previous study [17, 18] . In brief, a 96-well microtiter plate (ImmunoChemistry Technologies, LLC, Bloomington, MN) was coated overnight at 4°C with recombinant 14-3-3ζ protein at a final concentration of 0.5 μg/ml in phosphatebuffered saline (PBS). The antigen-coated wells were blocked with gelatin post-coating solution at room temperature for 2 h. Human sera diluted at 1:100 with serum diluent were incubated for 2 h at room temperature in the antigen-coated wells, followed by HRP-conjugated goat antihuman IgG (Caltag Laboratories, San Francisco, CA) at 1:4,000 dilution. The substrate 2,2′-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid (ABTS, Sigma-Aldrich, St. Louis, MO) was used to detect the immune complexes. The average optical density (OD) value at a wavelength of 405 nm was used for data analysis. The cutoff value designating positive reaction was the mean OD value of 89 normal human sera plus three standard deviations (SD).
Western blot
Denatured recombinant 14-3-3ζ protein and cancer cell lysates were electrophoresed on 10 % SDS-PAGE and transferred to a nitrocellulose membrane. After blocking in PBS with 5 % nonfat milk and 0.05 % Tween-20 for 1 h at room temperature, the nitrocellulose membranes were incubated overnight at 4°C with 1:200 dilution of human sera, 1:500 dilution of polyclonal anti-14-3-3ζ antibody, or 1:500 dilution of monoclonal anti-β-actin mouse antibody, separately. HRPconjugated goat antihuman IgG, HRP-conjugated goat anti-rabbit IgG, and HRP-conjugated goat anti-mouse IgG were subsequently applied as secondary antibody at a 1:10,000 dilution. The ECL kit was used to detect immunoreactive bands according to the manufacturer's instructions (Thermo Scientific, Waltham, MA).
Indirect immunofluorescence assay (IIFA) and confocal microscopy
An indirect immunofluorescence assay was performed on Hep2 antinuclear antigen tissue slides (Bion Enterprises, Des Plaines, IL). The sera were diluted at 1:80 in phosphatebuffered saline (PBS), pH 7.4 and incubated with the slides for 30 min at room temperature. After extensive washing, the slides were incubated with fluorescein isothiocyanate (FITC)-conjugated goat anti-human IgG secondary antibody (Santa Cruz Biotechnology, CA) or anti-rabbit IgG Fab2 (Alexa Fluor 488) as secondary antibody diluted with 1:100 in PBS for 1 h at room temperature. The slides were washed two times with PBS before adding a drop of mounting media containing 1.5 μg/mL 4′,6′-diamidino-2-phenylindole (DAPI) (Vector Laboratories Inc. Burlingame, CA). To prevent photobleaching, the latest steps were performed in the dark. The slides were then examined under fluorescence microscopy, with LSM 700 Confocal Microscope (Zeiss), at ×400 magnification, and Zen 2009 software was used for images capture and analysis.
Absorption of antibodies with recombinant protein
The diluted human sera (1:80) were incubated overnight at 4°C with recombinant 14-3-3ζ protein, at a final concentration of 0.03 μg/μl, and then centrifuged at 10,000×g for 10 min. The antigen-absorbed supernatant was used for the immunofluorescence assay.
Immunohistochemistry (IHC) with tissue array slides
Liver cancer tissue array slides with normal tissue controls (38 cases/80 cores, including pathological diagnosis and pathological grades, ten normal liver tissues as controls) were purchased (US Biomax, Inc., Rockville, MD) and used to detect the expression of the 14-3-3ζ protein. Tissue array slides were deparaffinized with xylene and dehydrated with ethanol. Antigen retrieval was performed by microwave heating methods in Trilogy™ pretreatment solution for 20 min. Avidin/biotin blocking solution was used to prevent nonspecific binding of antibodies. The tissue sections were incubated with polyclonal anti-14-3-3ζ antibody (1:100 dilution) for overnight at 4°C. HRP Detection System (HRP streptavidin label and polyvalent biotinylated link) and diaminobenzidine (DAB) Substrate Kit were used as detecting reagents. After counterstaining with hematoxylin, the sections were dehydrated and mounted. The slides were observed by light microscopy (Leica DM1000, Germany).
Statistical analysis
The mean OD value of each group of patients' sera was compared using the Mann-Whitney U test; the frequency of autoantibody to TAAs in each group of patients' sera and the expression profile of 14-3-3ζ in liver cancer and normal tissue groups were compared using the chisquare test (χ 2 ) test with Fisher's exact test, and two significant levels (0.05 and 0.01) were used.
Results
Frequency and titer of autoantibodies against 14-3-3ζ in HCC
The full-length recombinant 14-3-3ζ protein was used as coating antigen in ELISA to screen autoantibodies against 14-3-3ζ in sera from patients with HCC, LC and CH as well as NHS. In total, 168 sera from patients with HCC, 30 from LC, 30 from CH, and 89 sera from normal human individuals were used in this study. As shown in Table 1 , the prevalence of autoantibody against 14-3-3ζ was 16.7 % (28/168) in HCC, which was significantly higher than that in LC, CH, and NHS (P<0.01). The titer of anti-14-3-3ζ antibodies in human sera is shown in Fig. 1 . The titer of anti-14-3-3ζ antibodies in sera from some of the HCC patients was much higher than that in other groups. The average titer of autoantibody against 14-3-3ζ in HCC sera was higher than that in LC, CH, and NHS (P<0.01). The ELISA results were also confirmed by western blot analysis. Figure 2 shows that representative HCC sera with positive reaction to 14-3-3ζ in ELISA also have strong reactivity in western blot compared to LC, CH, and normal sera. Autoantibody to 14-3-3ζ in serial serum samples from three HCC patients (cases #1, 2, and 3) was also tested. The ELISA and western blot results are shown in Fig. 3 . In HCC case 1 and HCC case 2, anti-14-3-3ζ autoantibody were stronger at 6 months before HCC was detected. In HCC case 3, anti-14-3-3ζ autoantibody became stronger at 9 months before the date of HCC diagnosed.
Detection of intense nuclear staining pattern showed in Hep2 cells by indirect immunofluorescence assay with representative positive HCC sera To further confirm the reactivity of autoantibody in HCC sera to 14-3-3ζ and the intracellular location of 14-3-3ζ, commercially purchased Hep2 cell slides were used in indirect immunofluorescence assay to detect HCC sera with anti-14-3-3ζ positive in ELISA. As shown in Fig. 4 , a representative anti-14-3-3ζ positive HCC serum had an intense cytoplasmic staining pattern, which was similar in fluorescent staining pattern and cellular location to that shown by polyclonal anti-14-3-3ζ antibody. This fluorescence signal was significantly reduced when the same HCC serum was pre-absorbed with recombinant 14-3-3ζ protein.
Expression of 14-3-3ζ in liver cancer tissues and normal hepatic tissues by immunohistochemistry
In the current study, the expression profile of 14-3-3ζ in liver cancer tissues and normal liver tissues was examined by immunohistochemistry with tissue array slides. Tissue array slides were commercially available for this study, including 30 liver tissues from HCC patients and ten from normal hepatic tissue donors. The polyclonal anti-14-3-3ζ antibody was used as primary antibody to detect the expression of 14-3-3ζ in liver cancer and normal hepatic tissues. As a result, 21 of the 30 HCC tissues were positively stained (70.0 %), and none of the ten normal hepatic tissues were positively stained (0 %). Due to the small sample size of tissues in this study, it is difficult to establish a statistical analysis. The characteristics of patients and 14-3-3ζ expression in liver cancer are shown in Table 2 . The expression of 14-3-3ζ in liver cancer and normal hepatic tissues are shown in Fig. 5 .
Overexpression of 14-3-3ζ in different cancer cell lines
To confirm the expression of 14-3-3ζ in different tumors, nine tumor cell lines (H1299, SKOV3, KOPN63, HepG2, SNU449, Hela, T24, Hep2, H146) were analyzed by western blot. The polyclonal anti-14-3-3ζ antibody was used as probe for this study. As shown in Fig. 6 , HepG2 (hepatocellular carcinoma), SNU449 (hepatocellular carcinoma), Hela (epitheloid cervix carcinoma), T24 (urinary bladder carcinoma), and H146 (small cell lung cancer) cell lines had strong reactivity with anti-14-3-3 antibody, and H1299 (non-small cell lung carcinoma), SKOV3 (ovarian carcinoma), KOPN63 (leukemia), and Hep2 (epidermoid carcinoma) cell lines had weak reactivity compared to cell lines which have clear reactive bands. Fig. 1 Titer of autoantibody against 14-3-3ζ in human sera by ELISA. The range of antibody titers to 14-3-3ζ was expressed as OD obtained from ELISA. The mean+3 SD of NHS are shown in the relationship to all serum samples. Titer of anti-14-3-3ζ in HCC is much higher than that in other types of sera (P<0.01) Fig. 2 Western blot analysis with representative sera in ELISA. Lane 1, the polyclonal anti-14-3-3ζ antibody was used as positive control. Lanes 2, 3, and 4, three representative HCC sera which were positive in ELISA also had strong reactivity with 14-3-3ζ recombinant protein in western blot analysis. Lanes 5, 6, and 7, randomly selected LC, CH, and NHS sera, respectively, with negative reactivity with 14-3-3ζ recombinant protein
Discussion
HCC is one of the most common types of cancer worldwide. The initial hepatocellular alterations altered hepatocytes and, subsequently, dysplastic hepatocytes that form foci and nodules. These changes cause a discrepancy in the microenvironment of liver cells, which may result in changes in the protein expression profile of the cells. The changed proteins may be as a TAA which leads to humoral autoimmune response. Analysis of the autoantibodies to TAAs related to the development of HCC may help elucidate the molecular mechanisms of the disease. These anti-TAA autoantibodies may also serve as candidate biomarkers for early HCC diagnosis [19] [20] [21] [22] [23] . The 14-3-3 proteins are a ubiquitous class of regulatory proteins found in all eukaryotic cells and were the first class of molecules to be recognized as discrete phosphoserine/ threonine binding modules. The 14-3-3 proteins function as molecular scaffolds by modulating the conformation of their binding partners. They bind a large number of different substrates to regulate a wide range of cellular signaling events including cell cycle progression and DNA damage responses, programmed cell death, cytoskeletal dynamics, and transcriptional control of gene expression, as well as processes directly related to cancer progression. The importance of 14-3-3 proteins in cancer have become apparent recently, and its exact role in cancer progression as well as the mechanisms by which 14-3-3 proteins mediate cancer cell function remains unknown [24] . A lot of research about the relationships between HCC and 14-3-3 indicated that all 14-3-3 isoforms did play an important role in HCC progression. While protein 14-3-3σ is widely accepted as a tumor suppressor, 14-3-3ζ, β, and γ isoforms have been shown to have tumor promoting effects. 2 and 3) . a First HCC patient (case #1) was diagnosed on Feb 7, 1995 with strong expression of anti-14-3-3ζ autoantibody. Totally, we had six serum samples within more than 1 year of time span collected from this HCC patient, and the 14-3-3ζ reactive bands were present in all of them. It became stronger at month 6 before HCC was detected. b Total of six serum samples were acquired from the second HCC patient (case #2). All of them had 14-3-3ζ reactive bands. Anti-14-3-3ζ autoantibody became stronger at month 6 before the date (Jul 2, 1993) of HCC diagnosed. c The third HCC patient (case #3) was diagnosed at the date of Apr 9, 1992, with a strong 14-3-3ζ reactive band. During a 1-year period (Apr 25, 1991 to Jul 16, 1992), six serum samples collected from this patient showed a gradually increased reactive band with 14-3-3ζ. Clearly, a stronger reactive band can be observed in the serum at 9 months before the diagnosis of HCC Increased 14-3-3β expression is associated with subsequent extrahepatic metastasis and worse survival rates, as well as cancer progression of hepatocellular carcinoma [25] . The protein was found to be a candidate biomarker and a potential target for novel therapies against human HCC progression and metastasis [26] . The 14-3-3ε may act as an important regulator in modulating tumor metastasis by promoting epithelial-mesenchymal transition (EMT) as well as cell migration, and it may serve as a novel prognostic biomarker or therapeutic target for HCC [27] . Overexpression of 14-3-3ε in primary HCC tissues also predicts a high risk of extrahepatic metastasis and a poor prognosis, suggesting that it may be a potential therapeutic target [28] . Hypermethylation and the resulting loss of expression of the 14-3-3σ gene corresponds to one of the most common abnormalities reported to date in HCC, indicating their crucial role in the development and/or progression of HCC [29] . The 14-3-3σ silence reversed the suppressive effect of cell growth and apoptosis induced by introducing 1,3,6,7-tetrahydroxyxanthone which was identified to effectively suppress HCC cell growth [30] . The 14-3-3ζ protein was significantly overexpressed in hepatoma cell lines and human tumorous tissues of HCC patients. Knockdown with RNA interference in hepatoma cell lines with high 14-3-3ζ expression can suppress tumor cell proliferation via activation of c-Jun N-terminal kinase (JNK) and p38/MAPK. Furthermore, suppression of 14-3-3ζ can enhance the anticancer effect of cis-diammined dichloridoplatium (CDDP) in hepatoma cell lines. These results suggest that silencing of 14-3-3ζ may be an attractive target for HCC therapeutic development [31] . Despite the importance of 14-3-3 family in mediating various cell processes, the exact role and mechanism of 14-3-3ζ in HCC remains unclear [24] . Because of its possible roles in HCC formation, we try to validate whether anti-14-3-3ζ antibodies can be used as biomarkers for early HCC diagnosis in this study. In order to test the prevalence of anti-14-3-3ζ autoantibodies in HCC patients, 168 HCC cases were selected in the present study. The results demonstrated that almost 20 % of HCC sera showed immune response to 14-3-3ζ recombinant protein.
The mean titer of autoantibodies against 14-3-3ζ in sera from patients with HCC was significantly higher than that in LC, CH, and normal individuals. These results were also confirmed by western blot analysis which shows that representative HCC sera with positive reaction to 14-3-3ζ in ELISA also have strong reactivity in western blot compared to normal sera. Three HCC cases with serial bleeding serum samples were available in our laboratory, and tested. The results indicated that six serum samples collected from each patient showed a gradually increased reactivity with 14-3-3ζ. Western blot analysis showed that stronger reactive bands can be observed in the serum at 6 to 9 months before the clinical diagnosis of HCC. These results indicated that autoantibodies against 14-3-3ζ in HCC sera might be potential biomarkers Fig. 5 Expression of 14-3-3ζ in liver cancer and normal hepatic tissues by immunohistochemistry. The polyclonal anti-14-3-3ζ antibody was used as primary antibody to detect the expression of 14-3- 6 Nine types of tumor cell lines were analyzed by western blot. The polyclonal anti-14-3-3ζ antibody was used as probe. HepG2, SNU449, Hela, T24, and H146 cell lines had strong reactivity, and H1299, SKOV3, KOPN63, and Hep2 cell lines had weak reactivity compared to cell lines which have clear reactive bands. 1, H1299; 2, SKOV3; 3, KOPN63; 4, HepG2; 5, SNU449; 6, Hela; 7, T24; 8, Hep2; 9, H146 for early-stage HCC screening and diagnosis. Our previous studies have demonstrated that the sensitivity using a single anti-TAA antibody as biomarker in HCC diagnosis is usually not very high, and using a mini-array of multiple TAAs to enhance anti-TAA antibody detection may be an optimal approach in HCC immunodiagnosis [32] [33] [34] . In the current study, although the detection of anti-14-3-3ζ antibody itself in HCC does not have enough sensitivity for HCC diagnosis, it can still be used as an optimal TAA adding to the panel of TAAs we have selected and validated in our previous studies. The 14-3-3ζ is upregulated in a number of cancer types. The expression of 14-3-3ζ was upregulated in stage I nonsmall cell lung cancer (NSCLC) and the overexpression of 14-3-3ζ correlated with histological grades, lymph node metastasis, and poor clinical outcome [35] . The 14-3-3ζ protein secreted by tumor-associated monocytes/macrophages from ascites of epithelial ovarian cancer (EOC) patients is common to the secretome of ascitic MO/MA and the ascites of advanced EOC patients [36] . Overexpression of 14-3-3ζ in esophageal hyperplasia, dysplasia, and squamous cell carcinoma, suggesting that alteration in its expression occurs in early stages and is associated with esophageal tumorigenesis [37] . One study has found that knockdown of a single zeta isoform of 14-3-3 is sufficient to restore the sensitivity of cancer cells to anoikis and impairs their anchorageindependent growth through an RNAi approach using human lung adenocarcinoma-derived A549 cells as a model system [38] . The expression of the signature genes was significantly decreased or increased upon reduction or overexpression of 14-3-3ζ in ER-positive breast cancer cells, indicating their coregulation; 14-3-3ζ also played a critical role in the regulation of FOXM1, with 14-3-3ζ acting upstream of FOXM1 to regulate cell division-signature genes. Depletion of 14-3-3ζ markedly increased apoptosis, reduced proliferation and receptor tyrosine kinase (HER2 and EGFR) signaling, and, importantly, reversed endocrine resistance [39] ; 14-3-3ζ is involved in functioning in cell signaling, cycle control, and apoptotic death [9] . The overexpression of 14-3-3ζ in HCC was also found in our present study. Seventy percent of HCC liver tissues were positively stained with anti-14-3-3ζ antibody, and HCC tissues with grade III had stronger positive staining than HCC tissues with grade II in using the immunohistochemistry approach with HCC tissue array slide; 14-3-3ζ was found in the cytoplasm of cell. IHC study with HCC tissue array has further verified that the cellular localization of 14-3-3ζ is also in the cytoplasm. The cytoplasm distribution of 14-3-3ζ is associated with its multifunction in all kinds of cell signal transduction. The 14-3-3ζ protein participates in almost all the cell functions through binding many kinds of proteins in cells. The expressions of 14-3-3ζ in different tumor cell lines were also tested in this study. The results indicated that 14-3-3ζ had strong reactivity in solid tumors and weak reactivity in hematologic malignancy. It may be due to the different mechanism of tumor genesis. Strong reactivities with anti-14-3-3ζ antibody in HepG2 cell line may indicate that 14-3-3ζ plays an important role in HCC; 14-3-3ζ is a cancerrelated protein, and it can be overexpressed in several cancers. The prevalence of anti-14-3-3ζ autoantibodies in HCC patients is much higher than that in LC, CH, and NHS. If it is used as a single biomarker in HCC, it is still not high enough to be a perfect one for HCC diagnosis. Although our previous studies have identified and validated several TAAs which may be used as potential biomarkers in HCC, the concern is that not one can be used as a single marker in HCC diagnosis. Therefore, we are still trying our best to identify and validate more TAAs and anti-TAAs autoantibodies in HCC to find a better way for early HCC diagnosis.
Overexpression of 14-3-3ζ in human cancers may contribute to transformation by inhibiting apoptosis, activating signaling pathways that promote growth, and/or sequestering tumor suppressor proteins. Many previous studies considered 14-3-3ζ as a prognostic marker or therapeutic target for cancer; 14-3-3ζ was found to be a novel androgen-responsive gene that activates proliferation, cell survival, and androgen receptor transcriptional activity and may facilitate the progression of prostate cancer [40] . Recently, the 14-3-3ζ protein was identified as a potential serum biomarker of epithelial ovarian cancer [41, 42] . However, levels of the 14-3-3ζ protein were not found to be changed significantly as a consequence of treatment [43] . In this study, we use immunologic and molecular methods to test the possibility of 14-3-3ζ as a TAA and whether anti-14-3-3ζ antibody can be used as an early diagnostic biomarker in HCC patients. All results from our present study has indicated that 14-3-3ζ can be used as a potential TAA in HCC, and the detection of anti-14-3-3ζ antibody may help in HCC early diagnosis. In a future study, 14-3-3ζ can be included into the panel of TAAs we identified previously to make a customized TAA array, and it would be helpful to increase the sensitivity for HCC diagnosis. The mechanism underlining the production of anti-14-3-3ζ antibodies in HCC still remains to be investigated.
